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(57) ABSTRACT

A human object recognition unit recognizes a human object
included in a captured image data. A degree-of-interest esti-
mation unit estimates a degree of interest of the human object
in acquiring information, based on a recognition result
obtained by the human object recognition unit. An informa-
tion acquisition unit acquires information as a target to be
presented to the human object. An information editing unit
generates information to be presented to the human object
from the information acquired by the information acquisition
unit, based on the degree of interest estimated by the degree-
of-interest estimation unit. An information display unit out-
puts the information generated by the information editing
unit.

14 Claims, 8 Drawing Sheets

~ $201

5202

$208
Z

HURAN
0BJECT QETECTED

YES

RECOGNIZE FAGIAL EXPRESSION

~$204

RECOGNIZE ORIENTATION
OF HUMAN GBJECT

ESTIMATE DEGREE OF INTEREST [~
ACOUIRE TRANSMITTED INFORWATION |- 8207

EDIT INFORMATION

DISPLAY EDITED INFORMATION

~- 5205

- 8206




US 9,224,037 B2
Page 2

(56)

2007/0174117
2009/0028434
2009/0192874
2009/0273687
2009/0297045
2010/0017396
2010/0161409
2011/0153431
2011/0166937
2011/0166940
2011/0176025
2011/0251903
2012/0086793
2012/0265606
2012/0278179
2013/0121528
2013/0124518

References Cited

U.S. PATENT DOCUMENTS

Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*
Al*

7/2007
1/2009
7/2009
11/2009
12/2009
1/2010
6/2010
6/2011
7/2011
7/2011
7/2011
10/2011
4/2012
10/2012
11/2012
5/2013
5/2013

Hendrickson et al. .......... 705/14
Vanhoucke et al. .......... 382/182
Powles etal. ......ccoovuee. 705/10
Tsukizawa et al . 348/222.1
Poetker et al. ................ 382/224
Chatani .........ccoccecvevvvrnnnnn 707/5
Ryuetal. . . 705/14.43
Kimetal. ... ... 705/14.66
Bangera et al. ... 705/14.58
Bangeraetal. ........... 705/14.66
Anabuki ........coceienne 348/222.1
Ryuetal. . . 705/14.73
AnabuKi .......ocooeieiinnn 348/77
Patnode .......ccoovevinine 705/14.41

Campbell et al. . 705/14.69
Ikenoue et al. . ... 382/103
Ikenouve et al. ............... 707/736

2013/0136304 Al* 5/2013 Anabukietal. ... 382/103
2013/0268407 Al* 10/2013 Boncyk etal. ... 705/26.61
2014/0092242 Al* 42014 Krishnanetal. ............. 348/143
FOREIGN PATENT DOCUMENTS

JP 2005-309537 A 11/2005

JP 2005309537 A * 11/2005 ... GOG6F 3/00

JP 2006-113711 A 4/2006

JP 2006-244028 A 9/2006

JP 2006268630 A * 10/2006

JP 2007-265125 A 10/2007

JP 2007265125 A * 10/2007

JP 2009-20266 A 1/2009

JP 2009-277097 A 11/2009

JP 2010-176510 A 8/2010

JP 2010-237761 A 10/2010

WO WO 2006040974 Al * 4/2006

WO WO 2007074842 Al * 7/2007

WO 2010/070882 Al 6/2010

WO 2013/057882 Al 4/2013

* cited by examiner



US 9,224,037 B2

Sheet 1 of 8

Dec. 29, 2015

U.S. Patent

LIN NGLLISINDOY
NOTIVIRHOINT

1IN ONT LGS

\
801

LING NOTIVRILSS
ISREINT- 40438030

LENE AV IR 1

NOELYIHOAN

" 5
L0} |

mmmA e,

LING 29vH01S
90 AMOISTH LIN5TY
NOTLTNDOOZY

e

" NG IYIRYEOAN]

y01~

GO1™

-~ ) -
601 0ll
LING NOTLO313G | LN
col~ 403080 NviEH SNELOCHS O301A
X
LINN NOTLINDGOZY | 0l
NOTSSHAXT VIOV [
0 G - -
s L0 KOTLINDOO 3 ; _
SAIVHYddY TOHINGO

001

[ D14



U.S. Patent

Dec. 29, 2015 Sheet 2 of 8

G, 2

P
{ START

%

US 9,224,037 B2

PERFORM 1MAGE
CAPTURING PROGESSING

- §201

e
¥

PERFORM HUMAN OBJEGT

5202

?
DETECTION PROCESSING
¥ S903

" HUMAN
ORJECT EE?ECTES

YES |
¥

- $204

RECOGNIZE FACIAL EXPRESSION

RECOGNIZE CRIENTATION

- G205

OF HUMAN OBJECT

ESTIMATE DEGREE OF INTEREST

- 5206

¥

AGQUIRE TRANSMITTED INFORMATION

o S207

¥

eDIT INFORMAT 10N

~ 5208

¥

DISPLAY EDITER INFORMAT 0N

~- S209




US 9,224,037 B2

Sheet 3 of 8

Dec. 29, 2015

U.S. Patent

LIND NOTLISIOOY. 1 LING ONIL103 o LIND AVIES IO
NOTLYREOAN] N | I VHHOAN] NG1LVHHCAN |
7 7T 7
801 601 0l
LIND HOT LV 183
ISTHIINT -40-374030
Nmm : LIND NOTLYDELDINAG) |,
A 103040 WYEDH
LINN 38V401S
O RyoISIH L1053y _Hm
NG 1 ENDEOd
—
LN NOLIOZIA |, LN
103090 RYH ON1LOOHS 07G1A
€01~
\
LING NOTIUNBOOIY | Lol
| HDISSTHANT VIOV
y01
LING HOLLINDOO3Y | 701

NOTIVINGIHO

G0~

LENT HOTLINGOD3Y
L3AME0 NV

ShlVHYddyY 0MIRGO

NOTLY INAS34d

00¢

¢ Dld



U.S. Patent

F1G.

Dec. 29, 2015 Sheet 4 of 8

4 START

PERFORM 1HAGE
CAPTURING PROCESSING

US 9,224,037 B2

s

PERFORM HUMAN ORJECT
DETECTION PROCESSING

--~Jﬁl<iiiiéadsc? DETECTED

FHUNMAN

YES

IDENTIFY HUNAN OBJECT

;

RECOGNIZE FACIAL EXPRESSION

;

REGOGNIZE ORIENTATION
OF HUMAN OBJLCT

é

ESTIMATE DEGREL OF INTEREST

%

AGOUIRE TRANSHITTED INFORMATION

~ 3207

:

EDIT INFORMATION

e 5208

é

DISPLAY EDITED INFORNMATION

5208

v

(; o)



US 9,224,037 B2

Sheet 5 of 8

Dec. 29, 2015

U.S. Patent

LN NDLLISIneDY || 1iin sniLia@a U LIND AYISIG
NO | 1YHHOAN NDTLVHHD N NO | LVIR0 AN
7 A a
805 605 0Ll
LIND NOT LYW (53
1STYT NI -0~ 33030
p L
£05
LIND NOLIDZE30 | LINN
oL~ LDrE0 NYHNH ON1L00HS 03G1A
\
101
LINA NOTLINDODR |,
NOTLY LA 140 ~-205

0] R

LING ROTLIRDOO3Y
103080 NYENH

SNivHYddY 0d1NGD
RNOT LY INIS 34

005

G DId



U.S. Patent Dec. 29, 2015 Sheet 6 of 8 US 9,224,037 B2

FIG. 6




U.S. Patent Dec. 29, 2015 Sheet 7 of 8 US 9,224,037 B2




U.S. Patent

Dec. 29, 2015 Sheet 8 of 8

FIG. 8

( smRT )

T

US 9,224,037 B2

PERFURM {MAGE
CAPTURING PROCESSING

- §201

g

PERFORN HUMAN OBJECT
DETECTION PROCESSING

8202

HUMAN
OBJECT SETECFEQ

NO

YES

RECOGNIZE ORIENTATION
OF HUMAN OBJECT

-~ 520h

$

ESTIMATE DEGREL OF INTEREST

3801

é

AGQUIRE TRANSMITTED INFURMATION

- S8(2

;

DT INFORMAT 1O

- 5803

é

DISPLAY EDITER INFORMATION

5209

4

{  END



US 9,224,037 B2

1

APPARATUS AND METHOD FOR
CONTROLLING PRESENTATION OF
INFORMATION TOWARD HUMAN OBJECT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a technique for controlling
presentation of information toward a human object.

2. Description of the Related Art

As is generally known, there is a push-type information
presentation terminal that can autonomously present infor-
mation while switching an information presentation method
with reference to a situation of a person who is present in the
neighborhood of the terminal. For example, a technique dis-
cussed in Japanese Patent Application Laid-Open No. 2005-
309537 can present information at a location according to a
moving direction of a person or the speed of the movement.
Japanese Patent Application Laid-Open No. 2006-113711
discusses a technique for determining data to be displayed for
a person considering an appearance of a person or a locus of
the movement. Japanese Patent Application Laid-Open No.
2007-265125 discusses a technique for determining a content
to be displayed according to the number of persons who are
watching an information display unit.

Japanese Patent Application Laid-Open No. 2009-277097
discusses a technique for controlling a display size or a sound
volume of information to be output based on a distance
between an information output unit and a person or based on
a movement of the person. Japanese Patent Application Laid-
Open No. 2010-176510 discuses a technique for selecting
information to be displayed based on an action of a person
who is present in front of an information display screen.
When the above-described conventional techniques are
employed, a push-type information presentation terminal can
present information with content, location, size, and sound
volume, relating to a person in the neighborhood of the ter-
minal.

However, in a case where the amount of information pre-
sented by the information presentation terminal is excessive,
even if the information is appropriate in content, presentation
layout, and sound volume for a situation of a person in the
neighborhood of the terminal, the person may not be able to
catch the entire information or may be interrupted in acquir-
ing information. On the contrary, in a case where the amount
of information presented by the information presentation ter-
minal is too little, even if the information is appropriate in
content, location, size, and sound volume for a situation of a
person in the neighborhood of the terminal, the person’s
desire for information may not be satisfied.

With respect to such a situation, a technique discussed in
Japanese Patent No. 3565288 determines a priority level
based on the time elapsed since reception of information by
an information presentation terminal and a degree of interest
in each genre that can be designated by an information
receiver, and presents the information according to the deter-
mined priority level. When the above-described technique is
employed, the amount of information to be presented can be
controlled according to the feature (e.g., generation date and
time and genre) of the information.

However, the criterion for determining whether to increase
or decrease the amount of information to be presented is not
limited to the feature of the information. For example, the
length of time a person can stay in the neighborhood of the
information presentation terminal can be used as a criterion
for determining whether to increase or decrease the amount of
information. If a person (i.e., an information receiver) can
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stay only for a short time in the neighborhood of the infor-
mation presentation terminal, the information receiver may
feel that there is a great amount of information if the receiver
cannot grasp the entire information at a glance even when the
genre of the information is interesting. On the contrary, if a
person (i.e., an information receiver) is required to stay for a
relatively long time in the neighborhood of the information
presentation terminal, the information receiver may feel that
there is a small amount of information if the amount of the
information is insufficient even when the genre of the infor-
mation is not interesting.

Similarly, how a person who receives information focuses
on an activity other than acquisition of information can be
used as a criterion for determining whether to increase or
decrease the amount of information. Even in such a situation
that interesting information is presented from an information
presentation terminal, if the information receiver is busy to
talk with a friend or apply make-up, the information receiver
may feel that the amount of information is excessive when the
information receiver cannot grasp the entire information at a
glance. More specifically, the situation (e.g., the length of
time or the degree of concentration in the reception of the
presented information) of the information receiver is one of
the factors to be considered in determining whether to
increase or decrease the amount of information.

SUMMARY OF THE INVENTION

The present invention is directed to a technique for present-
ing information of which amount reflects a person’s degree of
interest in acquiring information.

According to an aspect of the present invention, an infor-
mation processing apparatus includes a recognition unit con-
figured to recognize a human object included in a captured
image data, an estimation unit configured to estimate a degree
of interest of the human object in acquiring information,
based on a recognition result obtained by the recognition unit,
an acquisition unit configured to acquire information as a
target to be presented to the human object, a generation unit
configured to generate information to be presented to the
human object from the information acquired by the acquisi-
tion unit, based on the degree of interest estimated by the
estimation unit, and a control unit configured to cause an
output unit to output the information generated by the gen-
eration unit.

Further features and aspects of the present invention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the invention and,
together with the description, serve to explain the principles
of the invention.

FIG. 1 illustrates an example configuration of a presenta-
tion control apparatus according to a first exemplary embodi-
ment.

FIG. 2 is a flowchart illustrating processing to be per-
formed by the presentation control apparatus according to the
first exemplary embodiment.

FIG. 3 illustrates an example configuration of a presenta-
tion control apparatus according to a second exemplary
embodiment.
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FIG. 4 is a flowchart illustrating processing to be per-
formed by the presentation control apparatus according to the
second exemplary embodiment.

FIG. 5 illustrates an example configuration of a presenta-
tion control apparatus according to a third exemplary embodi-
ment.

FIG. 6 illustrates an example of an editing result that can be
obtained by an information editing unit.

FIG. 7 illustrates an example of an editing result that can be
obtained by the information editing unit.

FIG. 8 is a flowchart illustrating processing to be per-
formed by the presentation control apparatus according to the
third exemplary embodiment.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

First, an information processing apparatus according to a
first exemplary embodiment of the present invention is
described below. A presentation control apparatus according
to the first exemplary embodiment is applicable to a push-
type information presentation terminal that can be located, for
example, in a living room of an individual house.

FIG. 1 illustrates an example configuration of a presenta-
tion control apparatus 100 according to the first exemplary
embodiment. As illustrated in FIG. 1, the presentation control
apparatus 100 according to the first exemplary embodiment
includes a video shooting unit 101, a human object recogni-
tion unit 102, a recognition result history storage unit 106, a
degree-of-interest estimation unit 107, an information acqui-
sition unit 108, an information editing unit 109, and an infor-
mation display unit 110. The human object recognition unit
102 includes a human object detection unit 103, a facial
expression recognition unit 104, and an orientation recogni-
tion unit 105.

The video shooting unit 101 is a camera that can capture an
image of a space surrounding the presentation control appa-
ratus 100. The video shooting unit 101 may include a plurality
of cameras so as to capture a wide-range image of the space
surrounding the presentation control apparatus 100. Further,
the video shooting unit 101 may include a fisheye lens
equipped camera so as to capture a wide-range image of the
space surrounding the presentation control apparatus 100 by
single camera. Further, the video shooting unit 101 may
include only one single camera equipped with a standard lens
to capture a limited-range image of the space surrounding the
presentation control apparatus 100.

As the presentation control apparatus 100 according to the
first exemplary embodiment is applicable to a push-type
information presentation terminal that can be located in an
individual house, image data captured by the video shooting
unit 101 may include a figure of a human object that comes
and goes in the house. The image data captured by the video
shooting unit 101 is output to the human object recognition
unit 102.

The human object recognition unit 102 receives the image
data from the video shooting unit 101. The human object
detection unit 103, the facial expression recognition unit 104,
and the orientation recognition unit 105 cooperatively recog-
nize a human object included in the input image data. The
human object recognition unit 102 outputs a recognition
result together with information indicating the time when the
recognition processing has been performed to the recognition
result history storage unit 106.
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The human object detection unit 103 receives the image
data from the video shooting unit 101. Then, the human object
detection unit 103 detects an area corresponding to the human
object included in the input image data. For example, to
realize the above-described processing, the human object
detection unit 103 detects a feature deriving from the human
object, such as a personal face or head, from the input image
data.

The feature deriving from a human object is obtainable
using, for example, histograms of oriented gradients (HOG),
which can represent a feature amount histogrammed along
the gradient direction in a local area. An example method for
determining the feature deriving from a human object
includes collecting a great amount of image data pieces
including the human object and statistically learning a com-
mon feature amount included in the collected image data
pieces, for example, using an algorithm that is generally
referred to as “Boosting”.

Ifthe feature deriving from the human object is included in
the input image data, the human object detection unit 103
recognizes that “a human object is detected in a feature
detected area”. Then, the human object detection unit 103
outputs image data of an area corresponding to the detected
human object to the facial expression recognition unit 104
and the orientation recognition unit 105. At the same time, the
human object detection unit 103 outputs information indicat-
ing the position of the area corresponding to the detected
human object and the size of the area, together with informa-
tion indicating the time when the human object detection
processing has been performed, to the recognition result his-
tory storage unit 106.

If the facial expression recognition unit 104 receives the
image data of the area corresponding to the detected human
object, the facial expression recognition unit 104 recognizes
a facial expression of the human object included in the image
data. For example, the facial expression recognition unit 104
can preliminarily prepare a plurality of image data groups
each representing a specific facial expression. Then, the facial
expression recognition unit 104 checks how the facial expres-
sion of the human object included in the image data of the area
corresponding to the human object resembles each of the
above-described plurality of image data groups and identifies
the most similar group. According to the present exemplary
embodiment, the facial expression recognition unit 104 pre-
pares a total of five types of image data groups representing
“positive and intensive emotional expression (i.e., joy)”,
“positive and calm emotional expression (i.e., pleasure)”,
“negative and violent emotional expression (i.e., anger)”,
“negative and calm emotional expression (i.e., sorrow)”, and
“emotionless neutral expression”.

First, the facial expression recognition unit 104 identifies
an area where the feature deriving from the human object has
been detected from the image data of the area corresponding
to the human object. The above-described feature amount
(e.g., HOG) is used in the above-described identifying pro-
cessing. Next, the facial expression recognition unit 104
determines how image data that is obtained by normalizing
the identified area resembles each of a plurality of image data
groups prepared beforehand for the above-described five
facial expressions. The facial expression recognition unit 104
generates beforehand a determination axis, for example, that
can separate the image data group representing the “positive
and intensive emotional expression (i.e., joy)” from the image
data group representing the “emotionless neutral expres-
sion”, using linear discriminant analysis (LDA). Then, the
facial expression recognition unit 104 identifies the image
data group that most resembles the normalized image data
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using the determination axis. By repeating the above-de-
scribed operation in the comparison between two or more
image data groups that correspond to respective facial expres-
sions, the facial expression recognition unit 104 can recog-
nize how a facial expression of a person included in the image
data of the area corresponding to the human object resembles
each of the five facial expressions prepared beforehand.

Further, the facial expression recognition unit 104 may
recognize a feature that reveals person’s feelings from the
image data of the area corresponding to the human object. For
example, it is generally known that a change in the size of a
pupil or the number of blinks reveals feelings of a person.
Accordingly, the facial expression recognition unit 104 rec-
ognizes the size of a pupil or the size of an eye (i.e., opening
degree) so that the degree-of-interest estimation unit 107 can
measure a change in the size of a pupil or the number of
blinks. In the recognition processing, the facial expression
recognition unit 104 identifies an area, in which a feature
deriving from a human face can be detected, in the image data
of the area corresponding to the human object.

Subsequently, the facial expression recognition unit 104
identifies an eye area from the identified area using pattern
matching. Then, the facial expression recognition unit 104
performs pupil pattern detection processing or eye contour
extraction processing on the identified eye area. Then, finally,
the facial expression recognition unit 104 generates informa-
tion indicating the size of the pupil or the shape (e.g., opened
or closed shape) of the eye contour, as a recognition result
obtained from the image data of the area corresponding to the
human object. The facial expression recognition unit 104
outputs the recognition result together with information indi-
cating the time when the recognition processing has been
performed to the recognition result history storage unit 106.

If the orientation recognition unit 105 receives the image
data of the area corresponding to the human object, the ori-
entation recognition unit 105 recognizes an orientation of the
human object included in the image data. According to the
present exemplary embodiment, the term “orientation” rep-
resents a “relative position and orientation relationship
between body parts constituting a human body” or “position
and orientation of each body part with respect to the video
shooting unit 101”. In the above-described recognition pro-
cessing, the orientation recognition unit 105 searches for a
feature deriving from a preliminarily prepared body part that
constitutes the human body, which is included in the image
data of the area corresponding to the human object. For
example, the body parts include a face, a head, hands, arms,
legs, knees, shoulders, a waist, a chest, a navel, and a back.
The feature of each body part is variable depending on an
image capturing direction. For example, in a case where a
target body part is a face, a plurality of features to be searched
is prepared, such as a front face part, a profile part, and a
downward face part, which are dependent of the direction.
Through the above-described search, the orientation recogni-
tion unit 105 can obtain the position and orientation (e.g.,
information indicating a rotational state in the image data) in
the area of each body part included in the image data.

The obtained position and orientation of each body part can
be expressed as the position and orientation of each body part
in the image data on the basis of a position of a reference body
part (e.g., a head) in a case where the orientation is the
“relative position and orientation relationship between body
parts constituting a human body”. For example, if “a right
shoulder is placed in distance from ahead by (X,Y) pixels and
inclined at 8 degrees with respect to the X-axis in a video
area”, coordinate values (X, Y, 0) express the position and
orientation of the right shoulder.
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In a case where the orientation is the “position and orien-
tation of each body part with respect to the video shooting unit
101, the “position and orientation of each body part with
respect to the video shooting unit 101 can be calculated
based on the obtained position and orientation of each body
part and the size of each body part included in the image data.

For example, when the orientation recognition unit 105
calculates the “position and orientation of a head with respect
to the video shooting unit 101, the orientation recognition
unit 105 determines a standing position of a human object
included in image data captured by the video shooting unit
101 from an area where the human object detection unit 103
has detected a feature deriving from a person’s foot. Accord-
ing to the present exemplary embodiment, if the height of the
video shooting unit 101 from the ground is already known, the
orientation recognition unit 105 can obtain a positional rela-
tionship between the video shooting unit 101 and a human
object with reference to its standing position in the captured
image data.

In addition, according to the present exemplary embodi-
ment, it is presumed that a human object included in image
data captured by the video shooting unit 101 stands upright
(namely, the head is positioned just above legs of the human
object). In this case, the orientation recognition unit 105 can
determine the position of the head with respect to the video
shooting unit 101 with reference to the positional relationship
between the video shooting unit 101 and the human object as
well as the head position of the human object included in the
image data captured by the video shooting unit 101. The
validity of the premise that the human object stands upright
may be evaluated based on a positional relationship between
body parts. As an evaluation result, if it is determined the
orientation is not upright (e.g., side flexion), the orientation
recognition unit 105 can obtain a positional relationship
between the video shooting unit 101 and the head of the
human object considering the evaluation result.

Next, an orientation of a head may be determined using, for
example, a method discussed in Philip DeCamp. (2007)
Headlock: Wide-Range Head Pose Estimation for Low
Resolution Video. M.Sc. in Media Arts and Sciences Thesis.
More specifically, the orientation recognition unit 105 gener-
ates image data captured by a virtual camera while changing
the orientation of a general three-dimensional virtual head
model with respect to the virtual camera. The orientation
recognition unit 105 compares the generated image data of
the virtual head with image data of the head of the human
object in the image data captured by the video shooting unit
101. Then, the orientation recognition unit 105 changes the
orientation of the virtual head model with respect to the
virtual camera so that the compared image data pieces
become substantially identical to each other using a certain
criterion. In this case, the orientation ofthe virtual head model
with respect to the virtual camera at the time when the com-
pared image data pieces are finally equalized with each other
is recognized as the orientation of the head of the human
object with respect to the video shooting unit 101.

The orientation recognition unit 105 outputs a recognition
result obtained through the above-described processing,
together with information indicating the time when the rec-
ognition processing has been performed, to the recognition
result history storage unit 106.

The human object recognition unit 102 may include any
other constituent components in addition to the human object
detection unit 103, the facial expression recognition unit 104,
and the orientation recognition unit 105. For example, the
human object recognition unit 102 may include a behavior
recognition unit that can recognize a behavior of a human
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object included in image data captured by the video shooting
unit 101. In this case, the behavior recognition unit outputs a
recognition result together with information indicating the
time when the recognition processing has been performed to
the recognition result history storage unit 106.

The recognition result history storage unit 106 stores a
human object recognition result received from the human
object recognition unit 102 (including the detection result
received from the human object detection unit 103, the rec-
ognition result received from the facial expression recogni-
tion unit 104, and the recognition result received from the
orientation recognition unit 105), together with information
indicating the time when the detection or recognition process-
ing has been performed. The human object recognition result
stored in the recognition result history storage unit 106 can be
referred to by the degree-of-interest estimation unit 107 as
described below.

The degree-of-interest estimation unit 107 estimates a
degree of interest that indicates how a person (i.e., the human
object) included in the image data captured by the video
shooting unit 101 is interested in acquiring information con-
sidering a situation of the human object, with reference to the
human object recognition result received from the human
object recognition unit 102 and stored in the recognition
result history storage unit 106. The degree-of-interest estima-
tionunit 107 estimates a degree of interest at time “t”, accord-
ing to a result of the human object recognition processing
performed at time “t” or a variation of the result of the human
object recognition processing performed between time “t-t,”
and time “t”.

First, an example estimation of the degree of interest at
time “t” based on the result of the human object recognition
processing performed at time “t” is described below. In this
case, the degree-of-interest estimation unit 107 inputs a value
of'a human object recognition result obtained by the human
object recognition unit 102 at time “t” into an evaluation
function which is set beforehand, and obtains an output value
from the evaluation function as an estimation result of the
degree of interest at time “t”.

For one example of the evaluation function to be used, the
evaluation function outputs an estimation value indicating a
higher degree of interest as a position of an areca where a
human object is detected (i.e., a detection result of the human
object detection unit 103) is closer to the center of the image
data captured by the video shooting unit 101. As another
example, the evaluation function outputs an estimation value
indicating a higher degree of interest as the area where the
human object is detected (i.e., the detection result of the
human object detection unit 103) has a larger size. When
using the above-described evaluation functions, the degree-
of-interest estimation unit 107 may output an estimation
value indicating a higher degree of interest as a position of a
person is closer to the presentation control apparatus 100.
More specifically, the degree-of-interest estimation unit 107
estimates a person’s degree of interest toward presented
information under the assumption that “the situation that a
person is positioned in the neighborhood of a push-type infor-
mation presentation terminal indicates that the person is
highly interested in the presented information”.

Further, as another example, the evaluation function may
output an estimation value indicating a higher degree of inter-
est if the facial expression recognition unit 104 generates a
positive and moderate output. According to this example, if a
person is present in the neighborhood of the presentation
control apparatus 100 with a relaxed facial expression (e.g., a
positive and calm emotional expression), the evaluation func-
tion estimates that the person’s degree of interest is high.
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More specifically, the degree-of-interest estimation unit 107
estimates a person’s degree of interest toward presented
information under the assumption that “the situation that a
person has a relaxed facial expression indicates that the per-
son is highly interested in the presented information”.

Further, as another example, in a case where the orientation
recognition unit 105 outputs a positional relationship
between body parts, the evaluation function may output an
estimation value indicating a higher degree of interest if it is
determined that two shoulders or two hands are well balanced
in the distance from a reference head in the right and left
direction based on the output of the orientation recognition
unit 105. According to this example, if a person is present in
the neighborhood of the presentation control apparatus 100
while facing the video shooting unit 101 squarely, the evalu-
ation function estimates that the person’s degree of interest is
high. More specifically, the degree-of-interest estimation unit
107 estimates a person’s degree of interest toward presented
information under the assumption that “the situation that a
person squarely faces a push-type information presentation
terminal indicates that the person is highly interested in the
presented information”.

However, if the degree of interest is estimated by simply
checking “the balance of two shoulders or two hands relative
to a reference head in the right and left direction,” a case in
which a person stands with his/her back to the video shooting
unit 101 may be wrongly estimated that the person’s degree of
interest is high. To handle such a case, if there is not any
person’s “face” recognition result stored as the human object
recognition result at time “t” in the recognition result history
storage unit 106, the degree-of-interest estimation unit 107
can determine that the person is not facing the video shooting
unit 101 and may output an estimation value indicating a
lower degree of interest. Further, if the “face” recognition
result stored in the recognition result history storage unit 106
is a “profile” or a “downward face” of a person, the degree-
of-interest estimation unit 107 can determine that the per-
son’s line of sight is not directed to an information presenta-
tion terminal including the video shooting unit 101 and may
output an estimation value indicating a lower degree of inter-
est.

In a case where the orientation recognition unit 105 outputs
the position and orientation of each body part with respect to
the video shooting unit 101, similar processing can be per-
formed. More specifically, the degree-of-interest estimation
unit 107 outputs an estimation value indicating a higher
degree of interest if it is determined that a person squarely
faces a push-type information presentation terminal to which
the presentation control apparatus 100 can be applied, based
on a positional relationship between the video shooting unit
101 and each body part. In particular, evaluating the direction
of a head facing the video shooting unit 101 is useful to
determine how each person’s line of sight is directed to the
video shooting unit 101. Therefore, the degree of interest may
be estimated by taking each person’s line of sight into con-
sideration.

Next, an example estimation of the degree of interest at
time “t” based on the result of the human object recognition
processing performed between time “t-t,” and time “t” is
described below. In this case, the degree-of-interest estima-
tion unit 107 inputs a change speed or history of the human
object recognition result obtained by the human object rec-
ognition unit 102 between time “t-t,” and time “t” into an
evaluation function set beforehand, and obtains an output
value from the evaluation function as an estimation result of
the degree of interest of at the time “t”.
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For example, the evaluation function outputs an estimation
value indicating a higher degree of interest as a position of an
area where a human object is detected by the human object
detection unit 103 is moving at a lower speed. As another
example, the evaluation function outputs an estimation value
indicating a higher degree of interest as the size of the area
where the human object is detected by the human object
detection unit 103 changes at a lower speed. By using the
above-described evaluation functions, the degree-of-interest
estimation unit 107 may output an estimation value indicating
a higher degree of interest as a person is slowly approaching
to or slowly leaving from the presentation control apparatus
100. The situation that a person is slowly approaching to or
slowly leaving from a push-type information presentation
terminal is the situation that the person can stay long in the
neighborhood of the information presentation terminal. More
specifically, the degree-of-interest estimation unit 107 esti-
mates a person’s degree of interest toward presented infor-
mation under the assumption that “the situation that a person
can stay long in the neighborhood of a push-type information
presentation terminal indicates that the person is highly inter-
ested in the presented information”.

Further, as another example, the evaluation function can
output an estimation value indicating a higher degree of inter-
est as the change speed of the output of the facial expression
recognition unit 104 is larger. In this case, if a facial expres-
sion of a person who is present in the neighborhood of the
presentation control apparatus 100 changes largely, the evalu-
ation function estimates that the degree of interest is high. The
situation that there is any change in a person’s facial expres-
sion that reveals internal feelings is the situation that the
person is responding to a certain stimulation. More specifi-
cally, the degree-of-interest estimation unit 107 estimates a
person’s degree of interest toward presented information
under the assumption that “the situation that a person is
responding to a certain stimulation in the neighborhood of a
push-type information presentation terminal indicates that
the person is highly interested in the presented information”.

Further, as another example, the evaluation function can
output an estimation value of the degree of interest with
reference to a change history of the pupil size and the eye size
(i.e., opening degree), which is an output of the facial expres-
sion recognition unit 104, between time “t-t,” and time “t”. It
is generally known that the pupil opens largely when a person
awakes and the number of blinks decreases when a person is
cautious or in a concentrated state. Therefore, the evaluation
function may outputs an estimation value indicating a higher
degree of interest when the size of a pupil becomes larger or
the number of blinks decreases between time “t-t,” and time
“t”. More specifically, the degree-of-interest estimation unit
107 estimates a person’s degree of interest toward presented
information under the assumption that “the situation that a
person largely opens the pupil or the number of blinks
decreases indicates that the person is highly interested in the
presented information”.

Further, as another example, the evaluation function out-
puts an estimation value indicating a higher degree of interest
as the positional relationship between body parts (i.e., the
output of the orientation recognition unit 105) changes at a
lower speed. In this case, if the orientation of a person who is
present in the neighborhood of the presentation control appa-
ratus 100 changes slowly, more specifically, when the action
of the person is slow, the degree-of-interest estimation unit
107 may estimate that the person’s degree of interest is high.
The situation that a person acts slowly in the neighborhood of
apush-type information presentation terminal is the situation
that the person has enough time available to do something.
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Accordingly, the degree-of-interest estimation unit 107 esti-
mates a person’s degree of interest toward presented infor-
mation under the assumption that “the situation that a person
has enough time available to do something in the neighbor-
hood of a push-type information presentation terminal indi-
cates that the person is highly interested in the presented
information”. In other words, the situation that a person
moves quickly in the neighborhood of a push-type informa-
tion presentation terminal is the situation that the person’s
behavior is not related to information acquisition. Therefore,
the degree-of-interest estimation unit 107 estimates a per-
son’s degree of interest toward presented information under
the assumption that “the situation that a person is performing
abehavior not related to information acquisition in the neigh-
borhood of a push-type information presentation terminal
indicates that the person is not interested in the presented
information”.

Further, as another example, the evaluation function can
output an estimation value of the degree of interest with
reference to a change history of a “position and orientation of
a head part with respect to the video shooting unit 101” (i.e.,
the output of the orientation recognition unit 105) between
time “t-t,” and time “t”. This is based on the premise that the
“position and orientation of the head part with respect to the
information display unit 110” can be calculated based on the
“position and orientation of the head part with respect to the
video shooting unit 101 in a case where the positional rela-
tionship between the video shooting unit 101 and the infor-
mation display unit 110 is fixed and measurable beforehand.
If'the “position and orientation of the head part with respect to
the information display unit 110” can be calculated, the fre-
quency or time of a person’s line-of-sight directed to the
information presentation position can be measured based on
a calculation result. Therefore, the evaluation function may
output an estimation value indicating a higher degree of inter-
est when the frequency or time value is large. More specifi-
cally, the degree-of-interest estimation unit 107 estimates a
person’s degree of interest toward presented information
under the assumption that “the situation that a person’s line of
sight is directed to a push-type information presentation ter-
minal frequently or for a long time indicates that the person is
highly interested in the presented information”.

The contents of the above-described evaluation function
may be variable depending on time “t””. More specifically, the
evaluation function can output an estimation value that is
variable depending on the time zone (e.g., morning or after-
noon) of the time “t” when the evaluation function is used
even in a case where the same human object recognition result
is obtained. Further, the evaluation function may output an
estimation value that is variable depending on not only time
but also date or day of week.

As described above, there is a plurality of methods for
estimating a person’s degree of interest in acquiring informa-
tion. In addition, a person’s degree of interest may be totally
estimated based on a combination of a plurality of estimation
results.

The degree-of-interest estimation unit 107 estimates a
degree of interest that indicates how the human object
included in the image data captured by the video shooting unit
101 is interested in acquiring information, using the above-
described evaluation function with reference to the human
object recognition result received from the human object
recognition unit 102 and stored in the recognition result his-
tory storage unit 106. The degree-of-interest estimation unit
107 outputs an estimation result to the information editing
unit 109.
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The information acquisition unit 108 acquires information
transmitted from the push-type information presentation ter-
minal to which the presentation control apparatus 100 can be
applied. More specifically, the information acquisition unit
108 acquires weather forecast information or news informa-
tion at that time via a network. In this case, the information
acquisition unit 108 acquires not only a text or a video that
explains the acquired weather forecast or the news content but
also structure information of the acquired information.
According to the present exemplary embodiment, the struc-
ture information indicates a detailed structure, e.g., “heading
line”, “main text”, “summary”, “caption”, “drawing”, “pho-
tograph”, and “representative photograph” of the text or the
video that constitutes the information.

If'the information acquisition unit 108 obtains the structure
information, the information acquisition unit 108 assigns a
priority level to be presented as information considering
details and importance of each information. The order of
priority determined by the information acquisition unit 108 is,
for example, “heading line”>“summary”>*photograph”+
“caption”>“main text”>“drawing”. The information acquisi-
tion unit 108 outputs the structure information including the
assigned priority level, together with the text or the video that
constitutes the information, to the information editing unit
109. For example, if the acquired information includes only
detailed information, such as “main text”, the information
acquisition unit 108 can generate simplified “main text”
information. Further for example, the information acquisition
unit 108 can generate a “summary” that is constituted by the
first line of each paragraph collected from the “main text”
information or can generate a “heading line” based on the first
line of each paragraph.

The information editing unit 109 edits the information
input from the information acquisition unit 108 according to
the degree of interest input from the degree-of-interest esti-
mation unit 107. To this end, first, if the degree of interest is
low, the information editing unit 109 selects only information
that has a higher value in the “priority level to be presented as
information” set by the information acquisition unit 108, as
information to be presented. In this case, if the degree of
interest is 1 (i.e., lowest) in the estimation using five levels,
the information editing unit 109 selects only the first priority
level information, e.g., information corresponding to the
“heading line”, as information to be presented. Similarly, if
the degree of interest is 2, the information editing unit 109
selects only the first and second priority level information,
e.g., information corresponding to the “heading line” and the
“summary”, as information to be presented. Further, if the
degree of interest is 5 (i.e., highest), the information editing
unit 109 selects the all information pieces as information to be
presented.

The information editing unit 109 selects information to be
presented to a person who is present in the neighborhood of
the push-type information presentation terminal to which the
presentation control apparatus 100 can be applied according
to the degree of interest received from the degree-of-interest
estimation unit 107, and the information editing unit 109
performs display layout processing for the selected informa-
tion. Then, the information editing unit 109 outputs the dis-
play layout information to the information display unit 110.

For example, the information display unit 110 can be con-
stituted by a speaker equipped display device or a comparable
projector. The information display unit 110 displays informa-
tion output from the information editing unit 109. The infor-
mation display unit 110 can present information to a person
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who is present in the neighborhood of the push-type informa-
tion presentation terminal to which the presentation control
apparatus 100 can be applied.

As described above, the presentation control apparatus 100
according to the first exemplary embodiment can estimate a
degree of interest of a person who is present in the neighbor-
hood of the push-type information presentation terminal with
reference to a situation of the person and can realize informa-
tion presentation of which amount reflects the estimated
degree of interest.

As described above, the presentation control apparatus 100
according to the first exemplary embodiment is applicable to
apush-type information presentation terminal that is located,
for example, in a living room of an individual house. There-
fore, the presentation control apparatus 100 can present infor-
mation to a person who moves in the individual house in such
a way that the amount of the presented information reflects a
person’s degree of interest toward presented information,
which can be estimated from the situation of the person.

For example, if a person who comes and goes busily in the
neighborhood of the information presentation terminal while
taking a time for dressing in the morning, the human object
recognition unit 102 recognizes situations, such as “the mov-
ing speed of the person is high”, “the person does not squarely
face the information presentation terminal so often”, “the
person has a normal facial expression”, and “the orientation
of the person (including the motion of hands and legs)
changes quickly”. In this case, the degree-of-interest estima-
tion unit 107 estimates that the person’s degree of interest
toward the presented information is low. Therefore, the infor-
mation editing unit 109 selects only higher priority level
information (e.g., only “heading line”) and the information
display unit 110 presents the selected information. When the
information to be presented is limited to a small amount, like
the “heading line” only, the person who is busy for dressing in
the morning can easily perceive the information.

Further, for example, if a person who takes a rest in a living
room while slowly relaxing after coming home in the night,
the human object recognition unit 102 recognizes situations,
such as “the moving speed of the person is low”, “the person
relatively faces the information presentation terminal”, “the
person has a relaxed facial expression”, and “the orientation
of the person does not change so much”. In this case, the
degree-of-interest estimation unit 107 estimates that the per-
son’s degree of interest toward the presented information is
high. Therefore, the information editing unit 109 selects not
only higher priority level information but also lower priority
level information (e.g., “heading line”, “main text”, and
“drawing” as complementary information). Then, the infor-
mation display unit 110 presents the selected information.

Next, example processing that can be performed by the
presentation control apparatus 100 according to the first
exemplary embodiment is described below with reference to
a flowchart illustrated in FIG. 2.

Instep S201, the video shooting unit 101 captures an image
of a space surrounding the presentation control apparatus
100. The video shooting unit 101 outputs the captured image
data to the human object detection unit 103 provided in the
human object recognition unit 102.

In step S202, the human object detection unit 103 detects a
human object from the image data captured by the video
shooting unit 101. More specifically, the human object detec-
tion unit 103 detects a feature deriving from a human object,
such as a personal face or head, from the image data captured
by the video shooting unit 101. If it is determined that the
feature deriving from the human object is included in the
captured image data, the human object detection unit 103
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recognizes that “a human object has been detected in a feature
detected area”. The human object detection unit 103 outputs
image data of an area corresponding to the detected human
object to the facial expression recognition unit 104 and the
orientation recognition unit 105. At the same time, the human
object detection unit 103 outputs information indicating the
position of the area corresponding to the detected human
object and the size of the area, together with information
indicating the time when the human object detection process-
ing has been performed, to the recognition result history
storage unit 106.

In step S203, the human object detection unit 103 deter-
mines whether a human object is detected from the image data
captured by the video shooting unit 101. If it is determined
that a human object is detected (YES in step S203), the
operation proceeds to step S204. On the other hand, if it is
determined that no human object is detected (NO in step
S203), the operation returns to step S202.

In step S204, if the facial expression recognition unit 104
receives the image data of the area corresponding to the
human object, the facial expression recognition unit 104 rec-
ognizes a facial expression of the human object included in
the image data. First, in the recognition processing, the facial
expression recognition unit 104 identifies an area where the
feature deriving from the face of the human object is detected
from the image data of the area corresponding to the human
object. Next, the facial expression recognition unit 104 deter-
mines how image data obtained by normalizing the identified
area resembles each of a plurality of image data groups pre-
pared beforehand for five expressions. Further, the facial
expression recognition unit 104 performs pupil pattern detec-
tion processing and eye contour extraction processing on the
identified area to generate information indicating the size of
the pupil or the shape (opened shape or closed shape) of the
eye contour area. The facial expression recognition unit 104
outputs the recognition result together with information indi-
cating the time when the recognition processing has been
performed to the recognition result history storage unit 106.

In step S205, if the orientation recognition unit 105
receives the image data of the area corresponding to the
human object, the orientation recognition unit 105 recognizes
an orientation of the human object included in the image data.
First, in the recognition processing, the orientation recogni-
tion unit 105 searches for a feature deriving from a body part
of'a human body that have been prepared beforehand, in the
image data of the area corresponding to the human object.
Thus, the position and orientation (e.g., information indicat-
ing arotational state in the video) of the body part in the image
data can be obtained. In a case where the orientation repre-
sents the “relative position and orientation relationship
between body parts constituting a human body”, the obtained
position and orientation of each body part is expressed as the
position and orientation of each body part in the image data on
the basis of a position of a reference body part (e.g., a head).
In a case where the orientation represents the “position and
orientation of each body part with respect to the video shoot-
ing unit 1017, the orientation recognition unit 105 calculates
the “position and orientation of each body part with respect to
the video shooting unit 101" based on the obtained position
and orientation of each body part and the size of each body
part. The orientation recognition unit 105 outputs a recogni-
tion result obtained in this manner, together with information
indicating the time when the recognition processing has been
performed, to the recognition result history storage unit 106.

According to the present exemplary embodiment, the pro-
cessing in step S205 is executed after completing the process-
ing in step S204. The processing in step S204 may be
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executed after completing the processing in step S205. Alter-
natively, the processing in step S204 and step S205 may be
simultaneously executed.

In step S206, the degree-of-interest estimation unit 107
estimates a degree of interest that indicates how the human
objectincluded in the image data captured by the video shoot-
ing unit 101 is interested in acquiring information with ref-
erence to the human object recognition result received from
the human object recognition unit 102 and stored in the rec-
ognition result history storage unit 106. More specifically, the
degree-of-interest estimation unit 107 estimates a degree of
interest at time “t” based on a result of the human object
recognition processing at time “t” or based on a variation or
history of the result of the human object recognition process-
ing performed between time “t-t,” and time “t”. The degree-
of-interest estimation unit 107 outputs an obtained estimation
result to the information editing unit 109.

In step S207, the information acquisition unit 108 acquires
information transmitted from the push-type information pre-
sentation terminal to which the presentation control apparatus
100 can be applied. For example, the information acquisition
unit 108 acquires weather forecast information or news infor-
mation via a network. At that time, the information acquisi-
tion unit 108 acquires not only a text or a video of'the weather
forecast or news content but also structure information of the
information. The information acquisition unit 108 outputs the
acquired information to the information editing unit 109.

In step S208, the information editing unit 109 edits the
information input from the information acquisition unit 108
according to the degree of interest input from the degree-of-
interest estimation unit 107. The editing in the present exem-
plary embodiment is to make a choice of the information
input from the information acquisition unit 108. Then, the
information editing unit 109 lays out the edited information
and outputs the laid out information to the information dis-
play unit 110.

In step S209, the information display unit 110 displays the
information input from the information editing unit 109, for
example, on a speaker equipped display device or a compa-
rable projector. Thus, the information can be presented to a
person who is present in the neighborhood of the push-type
information presentation terminal to which the presentation
control apparatus 100 can be applied.

Through the above-described processing, the presentation
control apparatus 100 can present information to a person
who is present in the neighborhood of the push-type informa-
tion presentation terminal in such a manner that the amount of
information to be presented reflects a person’s degree of
interest in acquiring information that can be estimated from a
situation of the person.

The presentation control apparatus according to the present
exemplary embodiment is described as being applicable to a
push-type information presentation terminal located in an
individual house. However, the presentation control appara-
tus according to the present exemplary embodiment may be
applied to a push-type information presentation terminal
located in a public space (e.g., a shopping mall). In this case,
the push-type information presentation terminal presents
information to be presented to a person who comes and goes
in the shopping mall, such as advertisement information relat-
ing to a shop in the shopping mall.

For example, when the presentation control apparatus 100
according to the first exemplary embodiment is applied to an
information presentation terminal, if a person who passes by
the information presentation terminal is in such a situation
that “the moving speed of the person is high” or “the person
does not squarely face the information presentation terminal
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so often”, the presentation control apparatus 100 estimates
that the person’s degree of interest toward presented informa-
tion is low and thus presents simple advertisement informa-
tion. On the contrary, if a person who passes by the informa-
tion presentation terminal is in such a situation that “the
moving speed of the person is low” or “the person relatively
faces the information presentation terminal squarely”, the
presentation control apparatus 100 estimates that the person’s
degree of interest toward presented information is high and
thus presents detailed advertisement information. Accord-
ingly, the presentation control apparatus 100 can present an
appropriate level of detailed advertisement to each person
with reference to the person’s behavior.

Next, an information processing apparatus according to a
second exemplary embodiment of the present invention is
described below. A presentation control apparatus according
to the second exemplary embodiment is applicable to a push-
type information presentation terminal that can be located, for
example, in a living room of an individual house.

FIG. 3 illustrates an example configuration of a presenta-
tion control apparatus 300 according to the second exemplary
embodiment. In FIG. 3, constituent components similar to
those of the presentation control apparatus 100 described in
the first exemplary embodiment with reference to FIG. 1 are
denoted by the same reference numerals and the descriptions
thereof may not be repeated.

The human object detection unit 103 receives image data
from the video shooting unit 101. Then, the human object
detection unit 103 detects an area corresponding to a human
object included in the input image data. The human object
detected by the human object detection unit 103 is not limited
to only one. If a plurality of human objects is detected from
the captured image data, the human object detection unit 103
generates a detection result (image data of the area corre-
sponding to the human object) for each of the detected human
objects. The human object detection unit 103 outputs the
detection result of each detected human object to each of the
facial expression recognition unit 104, the orientation recog-
nition unit 105, and a human object identification unit 311. At
the same time, the human object detection unit 103 outputs
information indicating a position and a size of the area cor-
responding to the human object, together with information
indicating the time when the human object detection process-
ing has been performed, to the recognition result history
storage unit 106 and the human object identification unit 311.

If the facial expression recognition unit 104 receives the
image data of the area corresponding to the human object, the
facial expression recognition unit 104 recognizes a facial
expression of the human object included in the image data. If
the human object detection unit 103 outputs image data of a
plurality of areas corresponding to a plurality of human
objects, the facial expression recognition unit 104 recognizes
a facial expression of the human object included in each
image data and outputs each recognition result to the recog-
nition result history storage unit 106.

When the orientation recognition unit 105 receives the
image data of the area corresponding to the human object, the
orientation recognition unit 105 recognizes an orientation of
the human object included in the received image data. If the
human object detection unit 103 outputs image data of a
plurality of areas corresponding to a plurality of human
objects, the orientation recognition unit 105 recognizes an
orientation of the human object included in each image data
and outputs each recognition result to the recognition result
history storage unit 106.

The human object recognition unit 102 may include any
other constituent components in addition to the human object
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detection unit 103, the facial expression recognition unit 104,
and the orientation recognition unit 105. For example, the
human object recognition unit 102 may include a behavior
recognition unit that can recognize a behavior of a human
object included in image data captured by the video shooting
unit 101. In this case, the behavior recognition unit outputs a
recognition result together with information indicating the
time when the recognition processing has been performed to
the recognition result history storage unit 106.

If the human object identification unit 311 receives the
image data of the area corresponding to the human object, the
human object identification unit 311 identifies the human
object included in the image data. If image data of a plurality
of areas corresponding to a plurality of human objects is
received, the human object identification unit 311 identifies a
human object that corresponds to each image data. To this
end, the human object identification unit 311 stores data
indicating the feature of each identification target person.

As the presentation control apparatus 300 according to the
second exemplary embodiment is applicable to a push-type
information presentation terminal located in an individual
house, the identification target person is, for example, a resi-
dent of the house. The feature data of the human object is, for
example, facial image data, stature data, silhouette data, sexu-
ality data, or motion feature data of each resident.

For example, if the human object identification unit 311
receives the image data of the area corresponding to the
human object, the human object identification unit 311
searches for a face area included in the received image data. If
the human object identification unit 311 detects a face area,
the human object identification unit 311 compares the image
data of the detected face area with the facial image data of
each identification target person stored in the human object
identification unit 311. Based on a comparison result, the
human object identification unit 311 identifies a person who
corresponds to the detected human object. Then, if the human
object identification unit 311 succeeds in identifying a person
corresponding to the detected human object, the human
object identification unit 311 sets information indicating the
detected person as an identification result. On the other hand,
in a case where the human object identification unit 311
cannot identify any person, the human object identification
unit 311 sets information indicating a non-resident person as
an identification result.

In a case where the human object identification unit 311
cannot detect any face area from the image data of the area
corresponding to the human object, the human object identi-
fication unit 311 retries identifying the detected human object
using another method. For example, the human object iden-
tification unit 311 estimates the height of the detected human
object based on information indicating the position and size
of'the area corresponding to the human object and compares
the estimated height with the stature data of each identifica-
tion target person stored in the human object identification
unit 311 to identify a person who corresponds to the detected
human object.

The video shooting unit 101 is a camera fixed in a space,
while each person is not floating in the air and stands or lies on
the ground. Therefore, the location of the detected human
object with respect to the video shooting unit 101 can be
roughly calculated with reference to a lower-end position
included in the image data of the area corresponding to the
human object. Then, if the detected human object stands
upright, the height of the detected human object can be
roughly calculated with reference to an upper-end position
included in the image data of the area corresponding to the
human object. Accordingly, the human object identification
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unit 311 can identify a person by estimating the height of the
detected human object based on information indicating the
position and size of the area corresponding to the human
object and comparing the estimated height with the stature
data of each identification target person stored in the human
object identification unit 311.

However, the above-described method is not useful to iden-
tify a person who corresponds to the detected human object if
there is a plurality of identification target persons who are
identical in height, or in a case where the detected human
object does not stand upright. In such a case, for example, a
person who corresponds to the detected human object may be
identified with reference to a silhouette shape of the detected
human object or with reference to color information or a
moving speed of the area corresponding to the human object.
According to the present exemplary embodiment, the silhou-
ette shape corresponds to a physical frame of each person.
The color information of the area corresponding to the human
object corresponds to clothes or sexuality of each person. The
moving speed of the area corresponding to the human object
corresponds to the action speed of each person. As described
in the second exemplary embodiment, in a case where the
target to be identified is a person who comes and goes in an
individual house, the number of candidates to be identified as
human objects is relatively small. Therefore, using the above-
described feature is effective to identify each human object. If
the human object identification unit 311 identifies a person
who is included in the image data of the area corresponding to
the human object detected by the human object detection unit
103, the human object identification unit 311 outputs ahuman
object identification result to a degree-of-interest estimation
unit 307.

The degree-of-interest estimation unit 307 estimates a
degree of interest that indicates how the human object
included in the image data captured by the video shooting unit
101 is interested in acquiring information while considering a
situation of the human object with reference to the recogni-
tion result received from the human object recognition unit
102 and stored in the recognition result history storage unit
106. More specifically, the degree-of-interest estimation unit
307 inputs a result of the human object recognition process-
ing performed by the human object recognition unit 102 at
time “t”, or a result of the human object recognition process-
ing performed between time “t-t,” and time “t” into an evalu-
ation function set beforehand and determines an output value
of'the evaluation function as an estimation result of the degree
of interest at time “t”. In this case, the degree-of-interest
estimation unit 307 switches the evaluation function (or its
parameters) according to the human object identification
result input from the human object identification unit 311.

For example, the degree-of-interest estimation unit 307
outputs an estimation value indicating a higher degree of
interest, as degree of interest at time “t”, if the distance
between the position of the area corresponding to the human
object and the center of the image data captured by the video
shooting unit 101 is short. In this case, if a human object
identification result input from the human object identifica-
tion unit 311 is a human object A, the degree-of-interest
estimation unit 307 uses an evaluation function that outputs a
degree-of-interest “5” when the distance between the position
of'an area corresponding to the human object A and the center
of the image data captured by the video shooting unit 101 is
100 pixels. On the other hand, if a human object identification
result input from the human object identification unit 311 is a
human object B, the degree-of-interest estimation unit 307
uses an evaluation function that outputs a degree-of-interest
“3” when the distance between the position of an area corre-
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sponding to the human object B and the center of the image
data captured by the video shooting unit 101 is 100 pixels.
Thus, the degree-of-interest estimation unit 307 can generates
an estimation value considering individual differences in
expression of each person’s degree of interest in presented
information.

Further, in a case where a plurality of human objects is
identified by the human object identification unit 311, the
degree-of-interest estimation unit 307 switches the evaluation
function for estimating a degree of interest according to the
number of or the combination ofthe identified human objects.
In a case where a plurality of human objects is identified by
the human object identification unit 311, human object rec-
ognition results at time “t” corresponding to a plurality of
persons are stored in the recognition result history storage
unit 106. Therefore, the evaluation function to be used in such
a case is a function to be input human object recognition
results corresponding to a plurality of persons. For example,
the evaluation function may be a function that can process
each individual human object recognition result, or a function
that is input a representative value (e.g., a mean value or a
median value) of the human object recognition results.

As described above, the degree-of-interest estimation unit
307 estimates a degree of interest that indicates how the
human object included in the image data captured by the
video shooting unit 101 is interested in acquiring information
considering a situation of the human object, while switching
the evaluation function according to the output from the
human object identification unit 311. The degree-of-interest
estimation unit 307 outputs an estimation result to the infor-
mation editing unit 109.

Next, example processing that can be performed by the
presentation control apparatus 300 according to the second
exemplary embodiment is described below with reference to
a flowchart illustrated in FIG. 4. In FIG. 4, processing similar
to the processing performed by the presentation control appa-
ratus 100 according to the first exemplary embodiment illus-
trated in FIG. 1 is denoted by the same reference numeral and
the description thereof may not be repeated.

Processing to be performed in step S201 is similar to the
shooting processing performed in step S201 illustrated in
FIG. 2. In step S202, the human object detection unit 103
detects a human object from image data captured by the video
shooting unit 101. In this case, the human object detection
unit 103 may detect two or more human objects from the
image data captured by the video shooting unit 101. In a case
where a plurality of human objects is detected from the cap-
tured image data, the human object detection unit 103 gener-
ates a detection result (i.e., the image data of the area corre-
sponding to the human object) for all detected human objects.

In step S203, the human object detection unit 103 deter-
mines whether a human object is detected from the image data
captured by the video shooting unit 101. If it is determined
that a human object is detected (YES in step S203), the
operation proceeds to step S401. On the other hand, if it is
determined that no human object is detected (No in step
S203), the operation returns to step S202.

In step S401, the human object identification unit 311
receives the image data of the area corresponding to the
human object, and identifies the human object included in the
received image data. If the image data pieces of the areas
corresponding to a plurality of human objects are input, the
human object identification unit 311 outputs a human object
identification result in each image data to the degree-of-inter-
est estimation unit 307.

In step S204, the facial expression recognition unit 104
receives the image data of the area corresponding to the
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human object and recognizes a facial expression of the human
object included in the image data. If the image data pieces of
the areas corresponding to the plurality of human objects are
input, the facial expression recognition unit 104 recognizes a
facial expression of the human object included in each image
data. The facial expression recognition unit 104 outputs a
recognition result together with information indicating the
time when the recognition processing has been performed, to
the recognition result history storage unit 106.

In step S205, if the orientation recognition unit 105
receives the image data of the area corresponding to the
human object, the orientation recognition unit 105 recognizes
an orientation of the human object included in the image data.
If the image data pieces of the areas corresponding to the
plurality of human objects are input, the orientation recogni-
tion unit 105 recognizes an orientation of the human object
from each image data. The orientation recognition unit 105
outputs a recognition result together with information indi-
cating the time when the recognition processing has been
performed, to the recognition result history storage unit 106.

According to the present exemplary embodiment, the pro-
cessing in step S205 is executed after completing the process-
ing in step S204. The processing in step S204 may be
executed after completing the processing in step S205. Alter-
natively, the processing in step S204 and step S205 may be
simultaneously executed.

In step S402, the degree-of-interest estimation unit 307
estimates a degree of interest that indicates how the human
object included in the image data captured by the video shoot-
ing unit 101 is interested in acquiring information with ref-
erence to the recognition result received from the human
object recognition unit 102 and stored in the recognition
result history storage unit 106. The degree-of-interest estima-
tion unit 307 estimates a degree of interest at time “t” based on
a result of the human object recognition processing per-
formed at time “t”, or based on a variation of the result of the
human object recognition processing performed between
time “t-t,” and time “t”. In this case, the degree-of-interest
estimation unit 307 switches the evaluation function accord-
ing to the human object identification result input from the
human object identification unit 311. The degree-of-interest
estimation unit 307 outputs an obtained estimation result to
the information editing unit 109.

Sequential processing to be performed in the following
steps 5207 to S209 is similar to the corresponding processing
illustrated in FIG. 2, and therefore the description thereof is
not repeated.

Through the above-described processing, the presentation
control apparatus 300 can present information to a person
who is present in the neighborhood of a push-type informa-
tion presentation terminal to which the presentation control
apparatus 300 can be applied, in such a manner that the
amount of information to be presented reflects a situation of
the person while considering individual differences in expres-
sion of each person’s degree of interest in presented informa-
tion.

The presentation control apparatus according to the present
exemplary embodiment is described as being applicable to a
push-type information presentation terminal located in an
individual house. However, the presentation control appara-
tus according to the present exemplary embodiment is also
applied to a push-type information presentation terminal
located in a public space (e.g., a shopping mall). In this case,
the push-type information presentation terminal presents
information to be presented to a person who comes and goes
in the shopping mall, such as advertisement information relat-
ing to a shop in the shopping mall.
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For example, when the presentation control apparatus 300
according to the second exemplary embodiment is applied to
an information presentation terminal, if people who pass by
the information presentation terminal are in such a situation
that “the average moving speed of the people is high” and “the
people do not squarely face the information presentation ter-
minal”, the presentation control apparatus 300 estimates that
the people’s degree of interest toward presented information
is low and presents simple advertisement information. On the
contrary, if people who pass by the information presentation
terminal is in such a situation that “the average moving speed
of the people is low” and “the people relatively face the
information presentation terminal squarely”, the presentation
control apparatus 300 estimates that the person’s degree of
interest toward presented information is high and presents
detailed advertisement information. Accordingly, the presen-
tation control apparatus 300 according to the second exem-
plary embodiment can present an appropriate level of detailed
advertisement to people with reference to the people’s behav-
ior.

Next, an information processing apparatus according to a
third exemplary embodiment of the present invention is
described below. A presentation control apparatus according
to the third exemplary embodiment is applicable to a push-
type information presentation terminal that can be located, for
example, in a hospital or a station.

FIG. 5 illustrates an example configuration of a presenta-
tion control apparatus 500 according to the third exemplary
embodiment. In FIG. 5, constituent components similar to
those of the presentation control apparatus 100 described in
the first exemplary embodiment with reference to FIG. 1 are
denoted by the same reference numerals and the descriptions
thereof may not be repeated.

The video shooting unit 101 is a camera that can capture an
image of a space ahead of the presentation control apparatus
500. For example, the video shooting unit 101 can capture an
image of a figure of a person who stops in front of an infor-
mation presentation terminal placed in a station or a hospital.
The video shooting unit 101 outputs the captured image data
to the human object recognition unit 102.

A human object recognition unit 502 recognizes a human
object included in the image data input by the video shooting
unit 101. According to the present exemplary embodiment,
the above-described processing may be performed by the
human object detection unit 103 and the orientation recogni-
tion unit 105 in the human object recognition unit 502. The
human object recognition unit 502 outputs a human object
recognition result to a degree-of-interest estimation unit 507.

The human object detection unit 103 detects an area cor-
responding to the human object from the image data captured
by the video shooting unit 101. For example, this detection
processing may be realized in such a manner that the human
object detection unit 103 detects a feature deriving from the
human object (e.g., a face, a head, or a leg of the human
object) from the image data input from the video shooting unit
101. If a feature deriving from a person is included in the
image data captured by the video shooting unit 101, the
human object detection unit 103 recognizes that “a human
object is detected in a feature detected area”. If any human
object is detected, the human object detection unit 103 out-
puts image data of an area corresponding to the detected
human object to the orientation recognition unit 105.

The orientation recognition unit 105 recognizes an orien-
tation of the human object included in the image data of the
area corresponding to the human object. According to the
present exemplary embodiment, the term “orientation” rep-
resents the position and orientation of a head with respect to
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the video shooting unit 101. In this case, the orientation
recognition unit 105 can use a calculation method that is
similar to the calculation method described in the first exem-
plary embodiment. The orientation recognition unit 105 out-
puts a recognition result to the degree-of-interest estimation
unit 507.

The degree-of-interest estimation unit 507 estimates a
degree of interest that indicates how the human object is
interested in acquiring information based on a line-of-sight
direction of the human object indicated by the recognition
result of the position and orientation of the head input from
the human object recognition unit 502.

The position and orientation of the head input from the
human object recognition unit 502 is the position and orien-
tation relative to the video shooting unit 101. It is presumed
that a relative position and orientation relationship between
the information display unit 110 and the video shooting unit
101, which is described below, is in a fixed relationship and
measurable beforehand (i.e., already known) or can be
obtained by an appropriate measurement unit even if the
relationship is dynamically variable.

Thus, the degree-of-interest estimation unit 507 can calcu-
late the position and orientation of the head with respect to the
information display unit 110 based on the position and ori-
entation of the head with respect to the video shooting unit
101. The degree-of-interest estimation unit 507 calculates a
point where the line-of-sight intersects the information dis-
play unit 110 while regarding the direction of the head as the
line-of-sight direction. More specifically, the degree-of-inter-
est estimation unit 507 estimates the degree of interest refer-
ring to the intersection point. In addition, the degree-of-inter-
est estimation unit 507 expresses the estimated degree of
interest at each coordinate point on a plane on which infor-
mation is presented by the information display unit 110. More
specifically, the degree-of-interest estimation unit 507 out-
puts a degree-of-interest map as an estimation result. Then,
the degree-of-interest estimation unit 507 estimates that the
degree-of-interest map has a maximum value of the degree of
interest at the calculated intersection point and the degree of
interest monotonically decreases with increasing distance
concentrically from the intersection point. The degree-of-
interest estimation unit 507 generates and outputs a degree-
of-interest map expressing the estimation result to an infor-
mation editing unit 509.

An information acquisition unit 508 acquires information
transmitted from a push-type information presentation termi-
nal to which the presentation control apparatus 500 can be
applied, via a network from an external device. According to
the third exemplary embodiment, for example, in a case
where the above-described information presentation terminal
is located in a station, the information acquisition unit 508
acquires travel information placed on a map from the infor-
mation presentation terminal. Further for example, in a case
where the above-described information presentation terminal
is located in a hospital, the information acquisition unit 508
acquires health information relating to each body part placed
on a human body diagram.

More specifically, the information acquisition unit 508
according to the third exemplary embodiment acquires a plu-
rality of information pieces that are linked to an area of the
background, such as a map or a human body diagram. In
addition, the information acquisition unit 508 according to
the third exemplary embodiment acquires the background on
which the above-described plurality of information pieces
can be placed. According to the present exemplary embodi-
ment, a plurality of expressions that are differentiated in level
of detail is included in the information linked to each area.
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The information acquisition unit 508 outputs the information
obtained from the external device together with the back-
ground on which the obtained information can be placed to
the information editing unit 509.

The information editing unit 509 edits the information
input from the information acquisition unit 508 with refer-
ence to the degree-of-interest map input from the degree-of-
interest estimation unit 507. In the editing processing, the
information editing unit 509 associates the background input
from the information acquisition unit 508 with coordinate
values on a plane on which information is presented by the
information display unit 110. Thus, the degree of interest of
the degree-of-interest map expressed at respective coordinate
points on the plane on which information is presented by the
information display unit 110 can be associated with informa-
tion (including a plurality of information pieces expressed
with different levels of detail) linked to an area of the back-
ground. Accordingly, a degree of interest relating to the infor-
mation linked to an area of the background can be calculated.
For example, a mean value of the degree of interest corre-
sponding to an area of the background linked to the informa-
tion is obtainable.

According to the present exemplary embodiment, each
information may include a plurality of expressions differen-
tiated in level of detail. The information editing unit 509
selects one expression according to the degree of interest
calculated for each information. For example, if the degree of
interest calculated for the information is high, the information
editing unit 509 selects a detailed expression. If the degree of
interest calculated for the information is low, the information
editing unit 509 selects a non-detail (i.e., simple) expression.
After completing the selection of the expression for the infor-
mation, the information editing unit 509 lays out the infor-
mation on the background information input from the infor-
mation acquisition unit 508 in such a way as to clearly
indicate a correspondence relationship with a location linked
with the information.

FIG. 6 and FIG. 7 illustrate examples of results of the
editing processing performed by the information editing unit
509. FIG. 6 illustrates an example of an editing result obtain-
able in a case where the presentation control apparatus 500 is
applied to an information presentation terminal that presents
travel information on a Japanese map. In FIG. 6, aline of sight
of a person standing in front of the information presentation
terminal is directed to the Tohoku region of Japan. In this
case, the information editing unit 509 expresses detailed
travel information 601 that relates to the Tohoku region and
expresses simple travel information for the remaining
regions. In particular, travel information 602 relating to the
Kyushu region and travel information 603 relating to the
Shikoku region are further simply expressed compared to
travel information 604 relating to the Kanto region and travel
information 605 relating to Kansai region, because the
Kyushu and Shikoku regions are far from the Tohoku region
and the Kanto and Kansai regions are relatively close to the
Tohoku region.

FIG. 7 illustrates an example of a human body diagram,
which can be obtained in a case where the presentation con-
trol apparatus 500 is applied to an information presentation
terminal that presents health information. In FIG. 7, a line of
sight of a person who stands in front of the information
presentation terminal is directed to a shoulder of the human
body. In this case, the information editing unit 509 expresses
detailed health information 701 that relates to the interested
shoulder and expresses simple health information 702 to 705
for other body parts.
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As described above, the information editing unit 509 edits
information to be presented to a person who is present in the
neighborhood of the push-type information presentation ter-
minal to which the presentation control apparatus 500 can be
applied with reference to the degree-of-interest map input
from the degree-of-interest estimation unit 507, and performs
display layout processing for the edited information. The
information editing unit 509 outputs the edited information to
the information display unit 110. The information display
unit 110 displays the information input from the information
editing unit 509, for example, on a speaker equipped display
device or a comparable projector. Accordingly, information
can be presented to a person who is present in the neighbor-
hood of the push-type information presentation terminal to
which the presentation control apparatus 500 can be applied.

Through the above-described processing, the presentation
control apparatus 500 according to the third exemplary
embodiment can present information to a person who is
present in the neighborhood of the push-type information
presentation terminal in such a manner that the amount of
information to be presented reflects a situation of the person
while considering individual differences in expression of
each person’s degree of interest in presented information.

Next, example processing that can be performed by the
presentation control apparatus 500 according to the third
exemplary embodiment is described below with reference to
a flowchart illustrated in FIG. 8. In FIG. 8, processing similar
to the processing performed by the presentation control appa-
ratus 100 according to the first exemplary embodiment illus-
trated in FIG. 1 is denoted by the same reference numeral and
the description thereof may not be repeated.

Processing to be performed in step S201 is similar to the
shooting processing performed in step S201 illustrated in
FIG. 2. In step S202, the human object detection unit 103
detects a human object from image data captured by the video
shooting unit 101. If any human object is detected, the human
object detection unit 103 outputs image data of an area cor-
responding to the detected human object to the orientation
recognition unit 105. Processing to be performed in step S203
is similar to the determination processing performed in step
S203 illustrated in FIG. 2.

In step S205, the orientation recognition unit 105 recog-
nizes the position and orientation of a head of the human
object included in the image data of the area corresponding to
the human object, and outputs a recognition result to the
degree-of-interest estimation unit 507.

In step S801, the degree-of-interest estimation unit 507
estimates a degree of interest that indicates how the human
object included in the image data captured by the video shoot-
ing unit 101 is interested in acquiring information, consider-
ing a situation of the human object, with reference to the
recognition result received from the human object recogni-
tionunit 502. The degree of interest can be estimated based on
a line-of-sight direction of the human object indicated by the
recognition result with respect to the position and orientation
of the head received from the human object recognition unit
502. The degree-of-interest estimation unit 507 expresses an
estimation result as a degree-of-interest map that expresses
the degree of interest at respective coordinates, on a plane on
which information is presented by the information display
unit 110. The degree-of-interest estimation unit 507 outputs
the degree-of-interest map (i.e., an estimation result) to the
information editing unit 509.

In step S802, the information acquisition unit 508 acquires
information transmitted from the push-type information pre-
sentation terminal to which the presentation control apparatus
500 can be applied, via a network, from an external device.
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According to the present exemplary embodiment, the
acquired information is travel information placed on a map or
health information relating to each body part placed on a
human body diagram. The information acquisition unit 508
outputs the information acquired from the external device to
the information editing unit 509.

In step S803, the information editing unit 509 edits the
information input from the information acquisition unit 508
with reference to the degree-of-interest map input from the
degree-of-interest estimation unit 507. In the above-de-
scribed editing processing, the information editing unit 509
expresses detailed information linked to an area where a
higher degree of interest is indicated on the degree-of-interest
map input from the degree-of-interest estimation unit 507 and
simply expresses information linked to an area where a lower
degree of interest is indicated on the degree-of-interest map.
The information editing unit 509 determines a display layout
for the edited information. The information editing unit 509
outputs the edited and laid out information to the information
display unit 110. Processing to be performed in step S209 is
similar to the processing performed in step S209 illustrated in
FIG. 2.

Through the above-described processing, the presentation
control apparatus 500 according to the third exemplary
embodiment can present information to a person who is
present in the neighborhood of a push-type information pre-
sentation terminal to which the presentation control apparatus
500 can be applied, in such a manner that the amount of
information to be presented reflects a situation of the person
while considering individual differences in expression of
each person’s degree of interest in presented information. In
particular, the presentation control apparatus 500 according
to the third exemplary embodiment can edit the level of detail
of information to be presented to a person who is present in
the neighborhood of the information presentation terminal
according to the person’s degree of interest in acquiring infor-
mation in each area, which can be estimated based on a line of
sight of the person in each area.

According to the above-described exemplary embodi-
ments, the presentation control apparatus controls an amount
of information to be displayed considering how a situation of
a person in the neighborhood of an information presentation
terminal shows an interest in information acquisition. For
example, if a person can stay long in the neighborhood of the
information presentation terminal, it can be regarded that the
person is deeply interested in acquiring information. Thus,
the presentation control apparatus controls the amount of
information to be displayed by reflecting such a situation.
Further, for example, if a person’s orientation indicates that
his/her line of sight is directed to the information presentation
terminal, it can be regarded that the person is deeply inter-
ested in acquiring information. Thus, the presentation control
apparatus controls the amount of information to be displayed
by reflecting such a situation. Furthermore, for example, if a
behavior of a person in the neighborhood of the information
presentation terminal is not relevant to the information acqui-
sition, it can be regarded that the person is not so interested in
information acquisition. Thus, the presentation control appa-
ratus controls the amount of information to be displayed by
reflecting such a situation.

More specifically, the presentation control apparatus
according to the above-described exemplary embodiments
determines a level of detail of information to be presented to
aperson in the neighborhood of the information presentation
terminal based on an estimation value of the person’s degree
of interest as to “acquiring information”. Therefore, even if a
neighboring person is not so interested in “acquiring infor-



US 9,224,037 B2

25

mation” the push-type information presentation terminal can
simply present a reduced amount of information according to
the situation and can increase the possibility that the neigh-
boring person notice the presented information. On the con-
trary, in a case where a person in the neighborhood of the
push-type information presentation terminal is deeply inter-
ested in “acquiring information”, the information presenta-
tion terminal can present an increased amount of detailed
information according to the situation to satisty the person’s
desire for information.

Aspects of the present invention can also be realized by a
computer of a system or apparatus (or devices such as a CPU
oran MPU) that reads out and executes a program recorded on
a memory device to perform the functions of the above-
described embodiments, and by a method, the steps of which
are performed by a computer of a system or apparatus by, for
example, reading out and executing a program recorded on a
memory device to perform the functions of the above-de-
scribed embodiments. For this purpose, the program is pro-
vided to the computer for example via a network or from a
recording medium of various types serving as the memory
device (e.g., computer-readable medium).

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2011-262533 filed Nov. 30, 2011, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An information processing apparatus comprising:

a memory; and

a processor in communication with the memory, the pro-
cessor configured to provide:

a recognition unit configured to recognize a human object
included in a captured image data;

an identification unit configured to identify the human
object included in the image data;

an estimation unit configured to estimate a degree of inter-
est of the human object in acquiring information, based
on a recognition result obtained by the recognition unit,
and switching to a different method, by changing an
evaluation function, for estimating the degree of interest
of the human object in acquiring information, based on
the human object identified by the identification unit;

an acquisition unit configured to acquire information as a
target to be presented to the human object;

a generation unit configured to generate information to be
presented to the human object from the information
acquired by the acquisition unit, based on the degree of
interest estimated by the estimation unit; and

a control unit configured to cause an output unit to output
the information generated by the generation unit.

2. The information processing apparatus according to
claim 1, wherein the recognition unit is configured to recog-
nize an orientation of the human object included in the image
data.

3. The information processing apparatus according to
claim 1, wherein the recognition unit is configured to recog-
nize a facial expression of the human object included in the
image data.

4. The information processing apparatus according to
claim 1, wherein the recognition unit is configured to recog-
nize at least one of a size of a pupil and a size of an eye of the
human object included in the image data.
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5. The information processing apparatus according to
claim 4, wherein the estimation unit is configured to measure
a change in the size of the pupil or the number of blinks of the
human object based on at least one of the size of the pupil and
the size ofthe eye of the human object which is recognized by
the recognition unit, and estimates the degree of interest of the
human object in acquiring information based on a measure-
ment result.

6. The information processing apparatus according to
claim 1, wherein the acquisition unit is configured to set a
priority level for each information as a target to be presented
to the human object, and the generation unit is configured to
generate information to be presented to the human object
based on the priority level set for each information and the
degree of interest estimated by the estimation unit.

7. The information processing apparatus according to
claim 6, wherein the generation unit is configured to generate
information including more information pieces as the degree
of interest estimated by the estimation unit is higher.

8. The information processing apparatus according to
claim 1, wherein the estimation unit is configured to switch
the method for estimating the degree of interest of the human
object in acquiring information based on the number of
human objects included in the image data recognized by the
recognition unit.

9. The information processing apparatus according to
claim 1, wherein the estimation unit is configured to switch
the method for estimating the degree of interest of the human
object in acquiring information, based on estimation timing
of the degree of interest of the human object in acquiring
information.

10. The information processing apparatus according to
claim 1, wherein the estimation unit is configured to estimate
a degree of interest at a particular time based on a history of a
recognition result up to the particular time obtained by the
recognition unit.

11. The information processing apparatus according to
claim 1, wherein the recognition unit is configured to recog-
nize a line of sight of the human object included in the image
data, and the estimation unit is configured to estimate the
degree of interest of the human object in acquiring informa-
tion based on at least one of a location, frequency, and time in
a situation that the line of sight of the human object is directed
to the output unit.

12. The information processing apparatus according to
claim 11, wherein the estimation unit is configured to esti-
mate the degree of interest of the human object in acquiring
information for each area based on at least one of frequency
and time in a situation that the line of sight of the human
object is directed to the output unit, and the selection unit is
configured to select information to be presented to the human
object for the each area based on the degree of interest esti-
mated by the estimation unit.

13. A method for information processing performed by an
information processing apparatus, the method comprising:

recognizing a human object included in a captured image

data;

identifying the human object included in the image data;

estimating a degree of interest of the human object in

acquiring information based on an obtained recognition
result, and switching to a different method, by changing
an evaluation function, for estimating the degree of
interest of the human object in acquiring information,
based on the identified human object;

acquiring information as target to be presented to the

human object;
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generating information to be presented to the human object
from the acquired information based on the estimated
degree of interest; and

causing an output unit to output the generated information.

14. A non-transitory computer readable storage medium

storing a program that causes a computer to execute process-
ing comprising:

recognizing a human object included in a captured image
data;

identifying the human object included in the image data;

estimating a degree of interest of the human object in
acquiring information based on an obtained recognition
result, and switching to a different method, by changing
an evaluation function, for estimating the degree of
interest of the human object in acquiring information,
based on the identified human object;

acquiring information as target to be presented to the
human object;

generating information to be presented to the human object
from the acquired information based on the estimated
degree of interest; and

causing an output unit to output the generated information.
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